T
here is a need for more accurate evaluation of patients presenting with acute stroke syndromes to enable treatment to be targeted with precision. 1 New technologies such as diffusion weighted and perfusion weighted magnetic resonance imaging (MRI), xenon computed tomography (CT), single photon emission computed tomography (SPECT), and positron emission tomography (PET) may guide treatment in the future, but these will not become widely available for many years. 2 The most widely available approach to the assessment of patients with acute ischaemic stroke is a combination of standard CT and clinical assessment. This has many potential limitations. Clinical means cannot distinguish between permanent and temporary impairments, nor identify the pathological type of stroke present. 3 Brain CT is often normal in acute stroke despite later scans showing large areas of infarction, and routine CT does not provide information on cerebral perfusion or vascular anatomy. 4 Thus it is common for a patient to present with a clinical deficit and to have normal brain CT. At that point the clinician does not know if the patient will prove to have a transient ischaemic attack (TIA), a minor stroke, or permanent disability, or even if death is likely.
The stroke syndrome is very heterogeneous but can be subdivided clinically using classifications based upon the presumed vascular territory involved, or upon the severity of the deficits. One of the most commonly used quasi-anatomical classifications is the Oxford classification, and one of the most commonly used measures of clinical deficit is the National Institutes of Health stroke scale (NIHSS). These are easy to apply and reliable. 5 However, it is not known how closely they correlate with the underlying brain pathology during the first few hours of stroke when, presumably, effective acute treatments will need to be given.
We have studied a series of patients with anterior circulation syndromes to examine the relation between assessments based on the Oxford stroke classification or the NIHSS and the underlying pathology, as demonstrated by diffusion weighted imaging (DWI), perfusion weighted imaging (PWI), and magnetic resonance angiography (MRA).
METHODS
Consecutive patients presenting to our unit with syndromes consistent with anterior circulation stroke were recruited. The protocol was approved by our institution's ethics committee. All patients gave written consent where possible; patients' relatives were asked to give their written assent if the patient was unable to. All patients were examined within six hours of stroke onset by the same clinician (SJA), using a standardised neurological examination. These assessments were made before MRI and so were blinded to imaging data. Clinical syndromes were classified as either total or partial anterior circulation strokes (TACS, PACS), using the Oxford classification. Clinical deficits were measured using the NIHSS. Patients with NIHSS scores of 0-15 have a good prognosis, whereas those with scores of > 15 have a poor prognosis. We used this cut off to define "mild/moderate" and "severe" strokes. Patients with "severe" strokes on the NIHSS are considered to be equivalent to patients with TACS. Patients were scanned as soon as possible after admission and all were scanned within 24 hours of the onset of symptoms. Time to imaging was defined as time from symptom onset. Patients were excluded if there was any change in their clinical NIHSS score before scanning. Patients were followed for the next seven days or until they were discharged.
For MRI we used a Siemens 1.5 T scanner (Erlangen, Germany) with an echoplanar booster for the diffusion weighted sequence. Standard T1 and T2 sequences were acquired to exclude coincidental disease and pre-existing infarction. The diffusion weighted sequence was a standard spin echo (128 × 128 matrix, 1.95 × 1.95× ×5 mm voxel size, 18 slices, time of echo (TE) 123 ms, 0.8 ms per line, b = 1100 s/mm). Cerebral angiography of the circle of Willis was obtained using a two dimensional phase contrast technique (venc = 80 cm/s, time of repetition (TR) 80 ms, TE 8.0 ms, acquisitions = 5, 1 × 1 × 35 mm voxel size). Perfusion weighted images were constructed using a dynamically acquired contrast enhanced technique that allowed depiction of all three arterial territories (anterior, middle, and posterior) 7 for a single slice. One reader (ARM) visually assessed the images. He was blinded to the clinical status of the patient. Areas of high signal intensity on DWI were taken to indicate irreversible cerebral ischaemia. The phase contrast angiograms were used to determine whether the middle cerebral artery was patent or occluded. Perfusion weighted images were based on time to peak analysis of the contrast bolus transit.
On day 7, each patient's stroke was classified according to their initial scan and clinical state. The clinical state of the patient was determined by the stroke physician caring for the patients, who was blinded to the scan data. Patients were classified as misdiagnosed if initial DWI, PWI, and MRA were normal and an alternative clinical diagnosis became apparent. Patients with haemorrhage, small vessel occlusion (lacune), and posterior cerebral artery occlusion were identified on DWI and T2 imaging and assigned as misclassified. Clinical deficits in patients with transient ischaemic attacks had completely recovered within 24 hours; this diagnosis remained even if small areas of asymptomatic infarction were detected on DWI. Infarction with recanalisation was defined as evidence of persisting clinical signs, with acute cerebral infarction in the anterior circulation territory, and normal angiography and PWI. Infarction with persisting occlusion was defined when imaging revealed infarction with a persisting occlusion of the appropriate vessel on MRA. This group was further subdivided on the basis of whether or not there was a penumbra. Penumbra was defined as a mismatch in area of greater than 50% between the corresponding DWI and PWI slice. This was determined by visual assessment of the corresponding DWI and PWI images.
Statistics
We compared the proportion of patients in the clinically defined groups with each of the MR defined subgroups. All analysis was done using SPSS version 9. Subgroups were compared by χ 2 analysis, with Fischer's exact test for expected cell sizes less than 5.
RESULTS
Eighty four patients were entered into the study. No patient's clinical status changed between clinical assessment and imaging. All 84 patients were successfully imaged. The mean time to imaging was 11.4 hours. The mean NIH stroke score was 15.8 (range 6 to 23) and using this scale 42 were mild/moderate (0-15) and 42 were severe (> 15). There were 42 with partial anterior circulation syndromes (PACS) and 42 with total anterior circulation syndromes (TACS). Three patients with TACS were classified as mild/moderate on the NIHSS, two patients had PACS and yet were classified as severe stroke using the NIHSS scale, and all other patients were similarly classified by both clinical assessment methods. Baseline characteristics are shown in table 1. There were no significant differences between the baseline characteristics of the mild/moderate and severe groups.
The results of the MRI classification are summarised in table 2. Of the seven patients with misdiagnosis, three had metabolic upset, one had a seizure, one had hemiplegic migraine, the symptoms were thought to be hysterical in one, and in one alcohol withdrawal was the final diagnosis. Of the 17 patients who were misclassified, eight had haemorrhage, six had small vessel occlusion (four in the brain stem, two in the internal capsule), and three had posterior circulation strokes. All seven patients who were initially misdiagnosed had PACS syndromes (Fischer's exact test, p = 0.01). Most of those who were misclassified also had PACS rather than TACS syndromes (16/17) (χ 2 28.2, p < 0.01). Seven of the 10 patients who proved to have a TIA initially had a TACS syndrome. Patients with TACS were significantly more likely to have an occlusion (χ 2 30.6, p < 0.01) and a large DWI-PWI mismatch (χ 2 17.1, p < 0.01). Similar differences were found between the mild/moderate and severe subgroups defined from the NIHSS. The differences in the number of patients misdiagnosed (Fischer's exact test, p = 0.01) and misclassified (χ 2 18.9, p < 0.01) between severe and mild/moderate subgroups were statistically significant. Additionally, patients with severe strokes had a higher proportion of persisting occlusions (χ 2 17.9, p < 0.01) and a greater proportion of large DWI-PWI mismatches (χ 2 13.8, p = 0.01).
DISCUSSION
We have shown that patients with total anterior circulation syndromes or clinically severe scores on a stroke scale are more likely to be correctly diagnosed and classified than patients with partial anterior circulation deficits or those with milder clinical deficits. Furthermore the more severely affected groups are more likely to have a persisting occlusion and large a DWI-PWI mismatch than the patients with mild/moderate strokes. The findings of this study are likely to be generalisable as the patients were prospectively and consecutively recruited from a routine clinical service. Use of a full standardised neurological examination by an interested physician should have maximised clinical accuracy. 8 Employing the multimodal MRI sequences of DWI, PWI, and MRA allowed us to obtain a confident diagnosis and a precise classification in every patient. Potential difficulties with interpretation of these results could be introduced by the delay between clinical examination and imaging and by a relatively small sample size. However, no patient's clinical status changed between assessment and scanning, and the differences between groups are large.
Making direct comparisons with previous studies is difficult as the diagnostic accuracy of these two methods of classification have not previously been established in the very early phase of stroke. However, analysis of an alternative classification used in the TOAST trial (trial of ORG 10172 in acute stroke treatment) found a similar rate of error. 9 The diagnostic accuracy of the Oxford classification made at later time points has been extensively studied. 10 Our results suggest that the total anterior circulation syndrome is pathophysiologically meaningful even when derived in the first six hours of stroke. By comparison the partial anterior circulation syndrome appears far less so. Partial anterior circulation syndromes have consistently been shown to have a lower sensitivity and specificity for accurately predicting infarct location than total anterior circulation syndromes, even when made at later time points.
11 Difficulty with acute assessment may be related to the emergency environment in which the assessment is made and to the difficulty in correctly detecting subtle clinical signs in acutely ill or uncooperative patients. Although the total anterior circulation syndrome and the severity of the deficit proved to be more closely associated with the underlying pathophysiology than the partial anterior circulation syndrome or less severe deficits, it is important to note that those who proved to have TIA were in the severe group.
Mild/moderate patients were more likely to have a recanalised stroke and infrequently had a large DWI-PWI mismatch. By comparison, a large proportion of patients with severe stroke had persisting occlusion with a large mismatch. This finding is consistent with other studies. Patients with mild stroke syndromes have peripheral occlusive lesions which are presumably more liable to spontaneous recanalisation, and smaller volumes of brain tissue are at risk. By comparison, patients with large proximal occlusions show less spontaneous recanalisation, and large arterial territories are at risk. 12 Additionally, previous MRI studies have shown that large DWI-PWI mismatches are associated with proximal occlusions. 13 These findings have several important implications. Clinicians should be aware that there is considerable uncertainty over the diagnosis of a mild or partial anterior circulation stroke in the first few hours after the onset of symptoms. Furthermore, some of those in the more diagnostically robust total anterior circulation stroke or severe clinical deficit groups had TIA and therefore have little to gain from potentially hazardous acute interventions. Our findings illustrate the added value of detailed MRI studies in understanding what is happening to the brains of those presenting with acute stroke.
The close relation between a total anterior circulation syndrome, or a severe clinical deficit, and a PWI-DWI mismatch-which presumably represents the target for many stroke treatments-justifies the analysis of these subgroups in previously published stroke trials. These findings should also influence the selection criteria and power calculations of future intervention trials, and support the use of selection for future trials using MRI criteria where possible.
